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PURPOSE:  To  evaluate  rhe  health  status  of  Gulf  War  veterans  who  reported  receipt  of  anthrax  vaccina¬ 
tion  and  a  small  group  of  Gulf  War  veterans  for  whom  documentation  of  anthrax  vaccination  exists. 
METHODS:  Among  the  11,441  Gulf  War  veterans  who  completed  a  health  survey,  4601  reported 
receiving  the  anthrax  vaccine  during  the  war;  2979  veterans  reported  not  receiving  it;  3861  were  uncertain. 
Also,  352  of  these  respondents  were  documented  by  the  Department  of  Defense  as  having  received 
anthrax  vaccination.  We  compared  the  medical  history  of  these  groups  ot  veterans  using  multivariate 
analyses.  Finally,  we  analyzed  perception  of  exposure  and  its  relation  to  reporting  bias. 

RESULTS:  There  were  statistically  significant  differences  in  prevalence  for  almost  all  outcomes  studied 
between  those  who  reported  having  received  anthrax  vaccination  and  those  who  did  not  so  report. 
However,  when  we  compared  the  veterans  for  whom  vaccination  records  exist  to  rhe  group  who  self- 
reported  that  they  had  not  received  the  vaccine,  the  significant  differences  in  prevalence  for  almost  all 
of  the  outcomes  disappeared. 

CONCLUSIONS:  The  extent  of  a  reporting  bias  should  be  carefully  considered  when  one  evaluates 
the  health  consequences  of  anthrax  vaccination  based  on  self-reported  data. 
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INTRODUCTION 

Beginning  in  August  1990,  US  military  personnel  were  de¬ 
ployed  to  the  Gulf  theater  in  response  to  Iraq's  invasion  of 
Kuwait.  The  Department  of  Defense  (DoD)  authorized  the 
administration  of  vaccinations  to  these  troops  to  protect 
against  potential  battlefield  exposure  to  biological  warfare 
agents,  in  particular,  anthrax  and  botulism.  Due  to  lim¬ 
ited  amounts  of  vaccine  and  vaccination  protocols  that 
called  for  multiple  doses,  not  all  service  personnel  received 
these  vaccinations.  DoD  estimated  that  1 50,000  US  troops 
received  at  least  one  dose  of  the  estimated  310,680  doses  of 
anthrax  vaccine  sent  to  the  Gulf  theater  and  8000  persons 
were  vaccinated  with  Botulinum  toxoid  with  nearly  138,000 
doses  sent  to  tire  Gulf  theater  (1,  2). 

Service  personnel  returning  from  the  Gulf  War  have 
developed  a  variety  of  unexplained  symptoms  for  which 
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the  cause  remains  unknown.  There  has  been  much  specula¬ 
tion  as  to  the  possible  role  of  vaccinations  in  the  etiology 
of  these  unexplained  illnesses  (3).  To  date,  even  though 
troops  continue  to  be  vaccinated,  there  have  been  no  long¬ 
term  studies  to  address  what  possible  health  effects  may 
result  from  these  specific  vaccinations.  Furthermore,  no  sig¬ 
nificant  adverse  effects  of  the  vaccine  have  been  reported 
in  the  few  peer  reviewed  short-term  studies  (4-7). 

The  medical  records  from  the  Gulf  War  contain  little 
or  no  information  on  even  what  vaccinations  were  given 
to  the  individual  much  less  the  timing  or  number  of  doses 
administered  (8).  The  Office  of  the  Special  Assistant  for 
Gulf  War  Illnesses  indicated  in  their  1999  report  that  there 
was  confusion  about  how  vaccination  data  in  the  Gulf 
theater  were  to  be  recorded  (8).  There  was  also  a  consider¬ 
ation  in  not  keeping  shot  records  to  avoid  aiding  enemy 
strategy.  To  date,  DoD  has  been  able  to  produce  only  iso¬ 
lated  lists  of  small  numbers  of  persons  receiving  anthrax  or 
botulism  vaccinations. 


METHODS 

National  Health  Survey  Population 

This  analysis  takes  advantage  of  the  health  survey  data 
collected  between  1995  and  1997  for  a  retrospective  cohort 
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Selected  Abbreviations  and  Acronyms 
aOR  »  adjusted  odds  ratio 

CATl  *  computer  assisted  telephone  interviewing 

CHPPM  —  Center  for  Health  Promotion  and  Preventive  Medicine 

Cl  -  confidence  interval 

DM  DC  =  Defense  Manpower  Data  Center 

DoD  =  Department  of  Defense 

GWV  =  Gulf  War  veterans 

NHS  =  Notional  Health  Survey  of  Gulf  War  Era  Veterans  and  Their 
Families 

SSN  *  social  security  number 

VA  —  Department  of  Veterans  Affairs 


study  in  which  health  histories  of  a  population-based  sample 
of  15,000  troops  deployed  to  the  Gulf  area  were  compared 
with  those  of  15,000  troops  not  deployed  in  the  Gulf  area. 
The  study  is  entitled  the  “National  Health  Survey  of  Gulf 
War  Era  Veterans  and  Their  Families"  (NHS).  The  design, 
data  collection  methods  and  instruments,  and  results  of 
Phase  I  and  11  have  been  described  in  earlier  reports  and 
are  summarized  here  (9-13). 

The  Department  of  Defense  (DoD)  identified  the  popula¬ 
tions  from  which  to  sample  1 5,000  Gulf  veterans  and  1 5,000 
non-Gulf  veterans.  The  DoD  Defense  Manpower  Data 
Center  (DMDC)  provided  military  and  demographic  infor¬ 
mation  for  693,826  US  troops  deployed  to  the  Gulf  area 
during  the  Gulf  War.  The  DMDC  also  sampled  800,680 
individuals,  or  approximately  half  of  all  military  personnel 
on  duty  between  September  1990  and  May  1991  but  not 
deployed  to  the  Gulf. 

Stratified  random  sampling  by  gender,  unit  component, 
and  branch  of  service  ensured  that  each  subgroup  was  ade¬ 
quately  represented  among  the  Gulf  veterans  and  non-Gulf 
veterans.  Women,  reservists,  and  National  Guardsmen  were 
over-sampled.  The  non-Gulf  troops  were  likewise  stratified 
and  randomly  sampled  to  mirror  the  number  in  the  corres¬ 
ponding  Gulf  stratum. 

Data  Collection  Methods  and  Instruments 

A  structured  16-page  questionnaire  soliciting  information 
on  veteran’s  health  status  and  reproductive  outcomes,  expo¬ 
sure  to  passible  risk  factors,  and  confounding  variables  was 
mailed  to  30,000  veterans.  It  was  accompanied  by  an  intro¬ 
ductory  letter  regarding  the  purpose  of  the  study  including 
an  explanation  of  informed  consent,  and  a  pre-addressed, 
stamped  return  envelope.  A  letter  and  replacement  ques¬ 
tionnaire  were  sent  to  non-respondents  of  the  previous  mail¬ 
ing  again  at  10  weeks  and  at  6  months.  In  Phase  11,  telephone 
interviews  using  computer  assisted  telephone  interviewing 
(CATI)  software  were  attempted  on  the  remaining  non¬ 
respondents.  The  same  questionnaire  was  adopted. 
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Definitions  of  Study  Subjects  and  Exposures 

Documented  exposed  cohort.  DoD  provided  the  identities 
of  8376  Gulf  War  veterans  who  have  appeared  on  various 
DoD  lists  of  individuals  who  received  at  least  one  anthrax 
and/or  botulinum  toxoid  vaccination  while  in  the  Gulf 
theater.  This  compilation  of  data  contains  the  largest 
group  of  Gulf  War  veterans  identified  as  having  received 
anthrax  vaccinations  (n  =  7691).  The  sources  of  these  data 
were  the  Office  of  the  Assistant  Secretary  of  Defense — 
Health  Affairs,  the  Walter  Reed  Army  Medical  Center,  and 
the  Army  Center  for  Health  Promotion  and  Preventive 
Medicine  (CHPPM).  The  data  were  combined,  duplicate 
entries  were  excluded,  and  Social  Security  numbers  were 
confirmed  againsc  the  Defense  Manpower  Data  Center 
(DMDC)  roster  of  military  persons  deployed  to  the  Gulf 
theater  between  August  2,  1990  and  July  31,  1991.  The  file 
of  Gulf  War  veterans  with  a  documented  anthrax  vaccina¬ 
tion  was  matched  to  the  1 1 ,44 1  Gulf  deployed  veterans  who 
responded  in  Phase  1  or  II  of  the  National  Health  Survey 
of  Gulf  War  Era  Veterans  and  Their  Families  (9).  Record 
linkage  produced  352  persons  who  responded  to  the  survey 
questionnaire  and  who  appeared  on  the  list  of  7691  veterans 
who  received  at  least  one  anthrax  vaccination  (Documented 
DoD  Group). 

Self-reported  as  Exposed.  On  the  survey  instrument,  parti¬ 
cipants  were  asked, 

“Have  you  taken  or  received  any  of  the  following  while 
in  the  military:... 

...  Anthrax  vaccine  (injection):  NO;  DON’T  KNOW; 
YES 

IF  YES,  when  was  the  MOST  RECENT  TIME  that 
you  had  this  medication? 

_ / _ MONTH/YEAR" 

Included  in  this  list  of  nine  specific  pills  and  vaccines 
were  three  types  of  pills  (malaria,  ciprofloxacin,  and  pyri¬ 
dostigmine)  and  six  types  of  vaccines  (anthrax,  typhoid, 
botulism,  immune  globulin,  plague,  and  meningococu.s). 
Among  the  1 1,441  Gulf  War  veterans,  a  total  of  4601  Gulf 
veterans  (40.2%)  self-reported  (S-R)  on  the  survey  instru¬ 
ment  that  they  had  received  anthrax  vaccination  and  2979 
(26.0%)  reported  that  they  had  not  received  anthrax  vac¬ 
cine.  The  remaining  3861  (33.7%)  were  uncertain  or  did 
not  answer  the  question. 

Definitions  of  Outcomes 

Health  history  and  exposure  data  collected  from  veterans 
included:  presence  of  various  symptoms,  medical  and  psy¬ 
chological  conditions,  exposures  in  the  Gulf  theater,  self 
assessed  health  status,  measures  of  functional  impairment, 
and  health  care  utilization.  Basic  demographic  data  and 
military  variables  (date  of  birth,  gender,  marital  status,  race, 
branch,  rank,  MOSC,  unit  component)  came  from  DM  LX? 
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and  VA  records.  A  self-reported  symptom  inventory,  com¬ 
prised  of  48  items  representative  of  the  symptoms  commonly 
reported  by  outpatients  was  used  to  assess  the  prevalence 
ot  somatic  and  psychological  symptoms  (14).  Information  on 
the  time  of  onset  and  severity  of  symptoms  was  also  collected. 
The  guideline  for  reporting  a  symptom  experienced  during 
the  past  year  as  “severe"  was  that  its  presence  was  sufficient  to 
seek  medical  advice,  take  prescription  drugs,  lose  work,  or 
limit  routine  activities.  All  these  outcomes  are  fully  de¬ 
scribed  for  the  entire  cohort  of  1 1 ,441  Gulf  veteran  respon¬ 
dents  and  9476  non-Gulf  veteran  respondents  elsewhere  (9). 

Statistical  Methods 

We  measured  the  association  between  receipr  of  anthrax 
vaccine  (both  by  the  self-reported  responses  in  the  survey 
questionnaire  and  by  the  documented  DoD  record)  and  the 
various  health  outcomes  described  above.  First,  we  com¬ 
pared  the  morbidity  experience  of  the  three  self-reported 
history  groups:  4601  S-R  yes,  2979  S-R  no,  and  3861  S-R 
unknown.  The  variable  which  identified  the  three  self-re- 
ported  groups  was  transformed  to  two  indicator  variables: 
X|  =  1,0  and  X2  =  0,  1.  “S-R  no”  served  as  the  reference 
category.  A  multiple  logistic  regression  model  was  set  up  in 
which  morbidity  experience  (a  binary  variable)  was  re¬ 
gressed  on  these  two  indicator  variables  as  well  as  on  several 
other  independent  variables.  Demographic,  military  factors, 
and  confounding  variables  contained  in  the  models  included 
gender  (male  vs.  female),  age  in  1991  ( <30  vs.  330  years), 
race  (white  vs.  other),  marital  status  (single  vs.  ever  mar¬ 
ried),  rank  (officer  or  warrant  vs.  enlisted),  branch  of  service 
(Navy  and  Air  Force  personnel  were  categorized  as  non¬ 
ground  troops,  and  Army  and  Marines  were  categorized 
as  ground  troops),  unit  component  (active  duty  vs.  reserve 
or  National  Guard),  current  smoker  (within  past  12 
months),  and  current  alcohol  use  (within  past  12  months). 
Also  included  in  the  regression  model  was  a  variable  repre¬ 
senting  other  vaccines  administered  (typhoid,  botulinum 
toxoid,  immune  globulin,  plague,  and  meningococus).  This 
variable  was  coded  as  the  sum  of  the  number  of  vaccines 
received,  other  than  anthrax,  and  ranged  from  0  to  5. 
The  coefficients  of  the  two  indicator  variables  were  used 
to  assess  the  association  between  the  self-reported  group 
identity  and  the  morbid  outcomes.  Adjusted  odds  ratios 
(aORs)  and  95%  confidence  intervals  (Cl)  were  estimated 
(15).  This  process  was  repeated  for  4  disability/utilization 
indices,  31  medical  conditions,  and  48  symptoms. 

Subsequent  Comparison  with  “Documented  DoD  Group” 

Second,  we  compared  the  morbidity  experience  of  the  352 
veterans  with  documented  anthrax  vaccination  according 
to  DoD  records  with  the  group  who  self-reported  as  negative 
(2979  S-R  no).  For  these  comparisons  we  used  the  stratified 
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Cochran-Mantel-Haenszel  analysis  toestimateORsand  95% 
Cl  adjusted  for  confounders  (16).  These  confounding  factors 
were  number  of  vaccines  received  orher  than  anthrax 
(=£2  vs.  3=3  vaccines),  gender,  branch,  and  unit  component. 
Data  analysis  was  performed  using  the  Statistical  Analysis 
System  (15). 

Stratification  of  "Documented  DoD  Group” 

Third,  we  estimated  the  prevalence  of  disability  indices, 
medical  conditions,  and  symptoms  for  the  documented 
group  stratified  by  the  three  self-reporced  categories  of  an¬ 
thrax  vaccination:  S-R  yes  (n  =  260),  S-R  no  (n  =  34),  S-R 
unknown  (n  =  58).  The  non-parametric  Wilcoxon  signed- 
ranks  test  was  used  to  assess  whether  the  prevalence  in  S-R 
yes  group  was  the  same  as  the  prevalence  in  the  S-R  no 
group  considering  all  outcomes  summarized  (17). 


RESULTS 

The  percent  distributions  of  selected  demographic,  military 
characteristics,  and  confounders  among  the  Gulf  veterans 
who  participated  in  the  survey  are  presented  in  Table  1, 
stratified  by  the  three  groups  defined  by  self-report  of  an¬ 
thrax  vaccination,  and  for  the  small  group  of  Gulf  War 
veterans  for  whom  documentation  of  anthrax  vaccination 
exists.  The  groups  differed  significantly  in  characteristics. 
The  “Documented  DoD  Group",  when  compared  with  the 
group  who  reported  having  received  the  vaccine,  were 
more  likely  to  be  female  ( p  =  0.0030);  unmarried  individu¬ 
als  (p  =  0.0031);  who  were  ground  troops  (i.e.,  served  in 
the  army  and  marines)  (p  <  0.0001);  and  served  in  the 
reserves  (p  <  .0001 )  at  the  time  of  the  Gulf  War.  The  distri¬ 
butions  of  number  of  vaccines  received,  other  than  anthrax, 
were  different  (p  <  0.0001 ).  Adjustment  was  made  for  most 
of  these  differences  in  the  analysis  (see  footnotes  to  Tables 
2,  3,  and  4). 

The  4601  veterans  who  reported  having  received  the 
vaccine  differed  from  the  2979  negatively  reporting  group  in 
characteristics  of  gender,  (p  <  .0001);  rank,  (p  =  0.0064); 
serving  as  ground  troops  (p  <  0.0001 );  and  reserve  or  Na¬ 
tional  Guard  rather  than  active  duty,  (p  <  .0001).  History 
of  smoking  within  the  past  12  months  differed  between  the 
S-R  yes  and  S-R  no  groups  (p  =  0.0219);  as  well  as  number 
of  vaccines  received  other  than  anthrax  (p  <  0.0001).  In 
the  multivariate  logistic  analysis  of  outcomes,  adjustment 
was  made  for  all  these  factors  as  well  as  for  other  demo¬ 
graphic  variables. 

The  prevalences  of  functional  impairment,  limitation  of 
employment,  and  medical  care  utilization  due  to  illness  are 
presented  in  Table  2.  Those  who  reported  that  they  had 
received  anthrax  vaccination  list  higher  rates  of  disability 
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TABLE  1.  Percent  distribution  of  selected  characteristics  for  11,441  Gulf  War  veterans  according  to  self-report  of  anthrax 
vaccination  and  for  exposed  group  documented  to. have  received  anthrax  vaccination _ 


Anthrax 

vaccination 

Characteristics 

S-R  Y« 

(N  =  4601) 

S-R  Unknown 
(N  =  3861) 

S-R  No 
(N  =  2979) 

Documented  DoD 
(N  =  352) 

Gender 

Male 

78.6 

83.6 

82.8 

71.6 

Female 

21.4 

16.4 

17.2 

28.4 

Age  (mean  age  in  yrs  in  1991) 

30.8 

29.8 

10.7 

31.5 

(interquartile  range) 

23-37 

23-35 

24-36 

23-39 

Race 

White 

74.9 

71.5 

74.7 

77.0 

Black 

18.2 

20.3 

18.6 

15.3 

Other 

6.8 

8.2 

6.7 

7.7 

Marita)  status 

Single 

41.5 

44.3 

40.6 

49.7 

Married 

52.4 

50.8 

54.9 

44.3 

Orher 

6.1 

4.9 

4.5 

6.0 

Rank 

Officer 

13.2 

8.3 

16.4 

13.6 

Warrant 

1.6 

1.3 

0.8 

2.0 

Enlisted 

85.2 

90.4 

82.8 

84.4 

Branch  of  service 

Air  Force 

8.6 

9.4 

22.4 

3.4 

Army 

74.4 

646 

44.3 

96.6 

Marine 

11.3 

12.6 

9.1 

0.0 

Navy 

5.7 

13.4 

24.2 

0.0 

Unit  type 

Active  duty 

28.6 

38.5 

49.1 

4.8 

National  Guard 

31.2 

28.8 

23.3 

22.4 

Reserve 

40.2 

32.7 

27.6 

72.7 

Alcohol  use  (past  12  months) 

76.1 

75.6 

76.6 

75.6 

Cigarettes  (past  J2  months) 

34.9 

35.7 

32.3 

31.2 

Number  of  Vaccines  (other  than  anthrax) 

0 

10.5 

37.1 

29.3 

19.6 

l 

20.8 

27.4 

27.3 

22.4 

2 

28.8 

20.6 

25.8 

23.0 

5 

21.5 

11.0 

13.3 

20.7 

4 

10.5 

3.4 

3.6 

11.1 

5 

7.9 

0.4 

0.7 

3.1 

P- values  lor  continuity  adjusted  chi -square  test  of  independence  between  chatac  tens  tic  and  groups  (S-R  Yes  vs.  S-R  No)  arc:  for  gender,  p  <  0.0001;  age:  (<50  vs.  >30  years), 
p  -  0868  5;  race:  white  vs.  non-white,  p  =  08015;  marital  St  an  is:  single  vs.  married  and  orher,  p  *  0.4302;  rank:  enlisted  vs.  officer  and  warrant,  p  =  0.0064,  branch  of  service: 
ground  troops  vs.  non-ground,  p  <  0.000  L;  unit  type:  active  duty  vs.  National  Guard  vs.  Reserves,  p  <  0.0001;  history  of  smoking  during  past  1 2  months:  yes  vs.  no.  p  -  0.021V; 
alcohol  use  past  12  months:  yes  vs.  no.  p  •“  0.61 38;  number  of  vaccines  orher  than  anthrax  (0,1,..., 5),  p  <  0.0001;  number  of  vaccines  other  than  anthrax  2  vs.  >3).  p  <  0.0001. 
P -valuta  for  continuity  adjusted  chi-square  test  of  independence  between  characteristic  iu\d  groups  (Documented  DoD  vs.  S-R  Yes)  are;  for  gender,  p  =  0.0030;  age:  (<30  vs.  >30 
years),  p  -  1.000;  race:  white  vs.  non-white,  p  =  0.4281;  marital  status:  single  vs.  married  and  other,  p  =  .0031;  rank:  enlisted  vs.  officer  and  warrant,  p  =  0.741.5,  branch  of 
service:  ground  troops  vs.  non-ground,  p  <  0.0001;  unit  type:  active  dory  vs.  National  Guard  vs.  Reserves,  p  <  0.0001;  history  of  smoking  during  past  (2  months:  yes  vs.  no. 

p  «  0.1832;  alcohol  use  past  12  months:  yes  vs.  no,  p  =  0-8824;  number  of  vaccines  other  than  anthrax.  (0,1 . 5),  p  <  0.000 1 ;  number  of  vaccines  other  than  anthrax  (^£2 

vs.  >3).  p  <  0.0754. 

P- values  for  continuity  adjusted  chi-square  test  of  independence  between  characteristic  anJ  groups  (Documented  DoD  vs.  5-R  No)  are:  kv  gender,  p  <  0.000};  age:  (<)0  vs.  >30 
years),  p  “  C.9976;  race:  white  vs.  non-white,  p  *“  0.3777;  marital  status:  single  v*.  married  and  other,  p  —  0.0012;  rank:  enlisted  vs.  officer  and  warrant,  p  =  0.5077:  branch  of 
service:  {'round  troops  vs.  non-ground,  p  <  0.0001;  unit  rype:  active  duty  vs.  National  GuarJ  vs.  Reserves,  p  <  0.0001;  history  oi  smoking  during  past  12  months:  yo  vs.  no. 
p  =  0-7276;  alcohol  use  past  12  months:  yes  vs.  no,  p  *  0.7140;  number  of  vaccines  other  than  anthrax  (0.1,. ...5),  p  <  0.0001;  number  of  vaccines  other  than  anthrax  {^2 
vs.  >3),  p  <  00001. 


and  utilization  of  health  care  services,  as  measured  by  at 
least  one  clinic  or  doctor  visit  within  the  previous  12 
months,  other  than  for  a  routine  physical  examination  or 
vaccination.  They  also  report  more  hospitalizations  within 
the  previous  12  months  than  the  other  two  groups  defined 
by  self-report. 

Gulf  veterans  who  self-reported  that  they  had  received  the 
anthrax  vaccination  reported  the  presence  of  chronic  dis¬ 


ease  conditions  at  one  and  one-half  to  two  times  more 
frequently  than  Gulf  veterans  who  reported  that  they  did  not 
receive  the  vaccine  (Table  3).  The  results  of  the  multivariate 
regression  analyses  in  which  the  reference  category  for 
the  odds  ratios  was  self-report  "no”  are  presented  where  the 
statistics  estimated  for  selected  medical  conditions,  from 
among  the  31  studied,  are  ranked  in  decreasing  order  of 
prevalence  of  the  condition  in  the  self-report  "yes”  group. 
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TABLE  2.  Prevalence  and  adjusted  odds  ratios  of  functional  impairment,  limitation  of  employment,  and  medical  care  utilisation 
due  to  illness  among  )  1,441  Gulf  War  veterans  according  to  self-report  of  anthrax  vaccination;  also  for  352  Gulf  War  veterans  for 
whom  anthrax  vaccination  is  documented  in  DoD  records 


Self-reported  anthrax  vaccination 

Documented  _ 

Adjusted  odds  ratio  (95%  Cl)* 

Yes  Unknown  No 

DoD 

Anthrax  Vaccination 

Condition* 

(N  =  4601) 

(N  =  .3861) 

(N  =  2979) 

(N  =  352) 

Yes' 

Unknown* 

rv,t>* 

Functional  impairment*'* 

32.7 

28.6 

19.1 

26.0 

1.73  (1.54-1.96) 

1.58  (1.41-1.79) 

1.20  (0.91-1.60) 

Limitation  of  employment*** 

21.3 

17.9 

10.2 

17.3 

2.13  (1.83-2.48) 

1.86  (1.60-2.16) 

1.56  (1.12-3.17) 

Clinic  visit* 

5.5.7 

48.4 

45.6 

54.3 

1.36  (1.22-1.50) 

'  1.14  (1.04-1.26) 

1.25  (0.97-1.60) 

Hospitalization* 

8.8 

76 

6.3 

9.4 

1.22  (1.00-1.48) 

1.21  (0.99-1.47) 

1.34  (0.S9-2.0I) 

"'“Positive  tcipunse  to  the  question,  “Thinking  buck  over  the  past  2  weeks,  diJ  you  stay  in  bed  or  at  home  all  or  part  of  any  day  because  you  Hid  not  feel  well  or  as  a  result  of 
ill i lows  or  injury  T 

**1  *  Positive  response  to  the  question,  “Are  you  limited  in  your  employment  or  the  kind  of  work  you  can  do  around  the  house  because  of  any  impairment  or  health  problems'" 
'Cltnic  visit  because  of  illness  during  past  12  months. 

Hospital i:ar inn  because  of  illness  during  past  12  months. 

Cl:  Confidence  interval. 

Adjusted  ttdJs  ratios  (95%  Cl)  wore  derived  from  logistic  models.  Reference  category  was  self-report  'No."  Adjustment  was  made  for  number  of  vaccines  received  other  than 

anthrax  (0,1 . 5);  gender  (male  vs.  female):  ape  in  1991  (<10  vs.  i»)0  yrs.);  race  (white  vs.  Other);  marital  status  (single  vs.  ever  married);  rank  (officer  or  warrant  vs.  enlisted); 

branch  nf  service  (non-ground  troops  vs.  ground  troop.**)-,  unit  component  (active  duty  vs.  National  CuarJ  or  Reserves);  current  alcohol  use  (within  past  12  months);  and 
current  cigarette  use  (within  past  I  2  months). 

"Adjusted  odd.%  ratios  (95%  Cl)  for  documented  vaccination  by  DoD  records  relative  to  self-report  "No”  were  derived  through  stratified  Cochran-Msmtcb  Hacnsscl  (15)  analysts. 
Adjustment  was  made  fur  variables  that  were  correlated  with  both  exposure  (anthrax  vaccine)  and  outcome  (condition).  These  confounding  factors  included  number  of 
vaccines  received  other  than  anthrax.  (^2  vs.  2*3);  gender  (male  vs.  female);  branch  of  service  (non  ground  troops  vs.  ground  troops);  unit  component  (active  duty  v<.  National 
Guard  or  Reserve*). 


The  self-reporting  of  anthrax  vaccination  was  significantly  The  prevalences  of  severe  symptoms  are  presented  in 

asstxriated  with  each  of  the  chronic  medical  conditions  even  Table  4  for  all  three  self-report  groups  for  the  ten  most 

while  controlling  for  other  covariates.  This  was  true  for  frequently  reported  severe  symptoms  in  the  self-report  “yes" 

both  self-report  “yes”  with  reference  category  self-report  group.  Several  symptoms  were  twice  as  prevalent  in  those 

“no",  as  well  as  for  self-report  “unknown"  with  reference  who  self-reported  having  received  the  vaccine,  when  corn- 

category  self-report  “no."  However,  when  one  compares  pared  with  the  self-report  “no"  group,  chiefly  fatigue,  joint 

the  “Documented  DoD  Group"  to  the  self-report  “no"  group  aches,  anxiety,  depression,  sleep  difficulty,  and  reflux.  The 

(n  =  2979),  the  adjusted  ORs  show  no  association  between  self-reporting  of  anthrax  vaccination  was  significantly  asso- 

receipt  of  anthrax  vaccine  and  onset  of  the  medical  condi-  ciated  with  each  symptom  after  adjustment  for  other  factors 

tions  for  five  of  the  eight  studied  (Table  3).  and  confounders  for  both  the  comparison  of  S-R  yes  with 


TABLE  3.  Prevalence  and  adjusted  odds  ratios  of  selected  self-reported  medical  conditions  among  1 1,441  Gulf  War  veterans 
according  to  self-report  of  anthrax  vaccination;  also  for  352  Gulf  War  veterans  for  whom  anthrax  vaccination  is  documented  in 
DoD  records 


Conditions 

Self-re 

•ported  anthrox  vaccination 

Documented 

Adjusted  odds  ratio  (95%  Cl)f 

Yes 

(N  =  4601) 

Unknown 
(N  -  3861) 

No 

(N  =  2979) 

DoD 

(N  =  352) 

Anthrax 

Yes* 

vaccination 

Unknown* 

DoD* 

Dermatitis 

34.9 

28.4 

18.7 

29.7 

1.85  (1.64-2.09) 

1.62  (1.44-1.83) 

1.39(1.06-1.82) 

Gastritis 

33.8 

27.4 

18.1 

28.9 

1.85  (1.64-2.09) 

1.55  (1.38-1.75) 

1.46  <1.1 1-1.92) 

Arthritis 

29.9 

24.2 

18.6 

26.4 

1.51  (1.33-1.70) 

1.30  (1.14-1.47) 

1.22  (0.93-1.62) 

Frequent  diarrhea 

29.5 

23.5 

13.8 

23.8 

1.93  (1.69-2.20) 

1.69  (1.48-1.93) 

1.39  (1.03-1.86) 

Hair  loss 

22.0 

19.8 

11.8 

16.3 

1.87  (1.62-2.16) 

1.73  (1.50-1.99) 

1.25  (0.90-1.73) 

Migraines 

21.2 

19.1 

13.6 

15.9 

1.42  (1.23-1.63) 

1.37  (1.19-1.57) 

0.96  (0.69-1.34) 

Lumbago 

16.5 

16.3 

9.4 

14.4 

1.83  (1.56-2.14) 

1.82  (1.56-2.13) 

1.30  (0.92-1.86) 

Bronchitis 

16.4 

12.4 

10.2 

13.0 

1.33  (1.14-1.56) 

1.22  (1.04-1  42) 

1.14  (0.79-1.65) 

'Cl;  confidence  interval. 

‘Adjusted  odds  ratios  (95%  Cl)  were  derived  from  logistic  models.  Reference  category  was  self-report  "No."  Adjustment  was  made  for  number  of  vaccines  received  other  than 

anthrax  (0,1 . 5);  gender  (male  vs.  female);  age  in  1 991  (<J0  vs.  ^J0  yrs.);  race  (white  vs.  other);  marital  status  (single  vs.  ever  married);  rank  (officer  or  warrant  vs.  enlisted); 

branch  of  service  (non-ground  troops  vs.  ground  troops);  unit  component  (active  duty  vs.  National  Guard  nr  Reserves);  current  alcohol  use  (within  past  12  months);  and 
current  cigarette  use  (within  past  12  months). 

•Adjusted  oJJ>  ratios  (95%  Cl)  for  documented  vaccination  by  DoD  records  relative  to  self-report  "No"  were  derived  through  stratified  Cochran-Mantel-  Haenszcl  (15)  analysis. 
Adjustment  was  nude  for  variables  that  were  correlated  with  both  exposure  (anthrax  vaccine)  and  outcome  (medical  condition).  These  confounding  factors  included  number 
of  vaccines  received  other  than  anthrax,  («£2  vs.  >3);  gcnJcr  (male  vs.  female);  branch  of  service  (non-ground  troops  vs.  ground  troops);  unitcotnfxment  (active  duty  vs. 
National  Guard  or  Reserves). 
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TABLE  4.  Prevalence  and  adjusted  odds  ratios  of  selected  self-reported  severe  symptoms  among  11,441  Gulf  War  veterans  according 


Symptoms 

Self-reported  anthrax  vaccination 

Documented 

DoD 

(N  =  352) 

Adjusted  odds  ratio  (95%  Cl)f 

Yes 

(N  -  4601) 

Unknown 
(N  =  3861) 

No 

(N  =  2979) 

Anthrax  vaccination 

Yes1  Unknown1 

DoD* 

Joint  aches  or  pain 

21.8 

16.8 

9.7 

16.5 

2.05  (1.76-2.39) 

1.76  (1.51-2.06) 

1.50  (1.08-2.10) 

Running  nose 

21.7 

17.8 

12.9 

20.5 

1.53  (1.33-1.76) 

1.43  (1.24-1.64) 

1.32  (0.96-1.81) 

Headaches 

21.4 

17.7 

11.3 

16.8 

1.69  (1.46-1.95) 

1.53  (1.32-1.77) 

1.18  (0.85-1.64) 

Back  pain/spasms 

20.4 

18.5 

12.4 

13.1 

1.54  (1.34-1.78) 

1.51  (1.31-1.74) 

0.98  (0.69-1.40) 

Anxious,  irritable  nr  upset 

19.2 

15.1 

8.2 

15.0 

2.02  (1.72-2.38) 

1.75  (1.49-2.06) 

1.46  (1.03-2.07) 

Excessive  fatigue 

18.8 

13.4 

7.1 

14.3 

2.19  (1.85-2.60) 

1.83  (1.54-2.18) 

1.62  (1.14-2.31) 

Sleep  difficulty 

18.3 

15.8 

7.6 

15.1 

2.04  (1.72-2.40) 

1.71  (1.44-2.02) 

1.57  ( 1.1 1-2.21 ) 

Awaken  tired  or  worn  out 

17.8 

13.8 

7.8 

14.0 

1.86  (1.57-2.19) 

1.62  (1.38-1.92) 

1.33  (0.9.3-1.91) 

Been  depressed  or  blue 

15.4 

11.8 

6.7 

12.1 

1.94  (1.62-2.31) 

1.65  (1.38-1.97) 

1.43  (0.99-2.06) 

Reflux,  heartburn,  indigesrion 

14.8 

11.9 

6.7 

12.0 

1.93  (1. 62-2.3 1) 

1.72  (1  44-2.06) 

1.65  (1.13-2.43) 

'Cl:  confidence  interval. 

Adjusted  utlds  ratios  195%  Cl)  were  derived  from  logistic  models.  Reference  category  was  self  report  “No.”  Adjustment  was  made  for  number  of  vaccines  received  other  than 
anthrax  (0,1,. ..,5);  gender  (male  vs.  female);  age  in  1991  (<10  v.i.  *30  yrs.);  race  (white  vs.  other);  marital  status  (single  vs.  ever  married);  rank  (officer  or  warrant  vs.  enlisted); 
branch  of  service  (non-ground  troops  vs.  ground  troops);  unit  component  (active  duty  vs.  National  Guard  or  Reserves);  ctirrenr  alcohol  use  (within  pasr  12  months);  and 
current  cigarette  use  (within  past  12  months). 

•Adjusted  odds  ratios  (95%  Cl )  for  documented  vaccination  by  DnD  records  relative  to  seif-report  “No”  were  derived  through  stratified  Ctrchran-Manrel-Haenszcl  (15)  analysis. 
Adjustment  was  made  for  variables  that  were  correlated  with  both  exposure  (anthrax  vaccine)  and  outcome  (severe  symptom).  These  confounding  factors  included  number 
of  vaccines  received  other  than  anthrax,  (^2  vs.  *3);  gender  (male  vs.  female);  branch  of  service  (non-ground  troops  vs.  ground  troops);  unitcomponcnt  (active  duty  vs. 
National  Guard  or  Reserves). 


the  reference  category  S-R  no  as  well  as  for  the  comparison 
of  S-R  unknown  with  S-R  no.  Again,  when  we  compare  the 
“Documented  DoD  Group”  with  S-R  no,  the  associations 
disappear  for  five  of  the  ten  symptoms  (Table  4).  The 
ORs,  adjusted  for  number  of  vaccines  received  other  than 
anthrax,  gender,  ground  vs.  non-ground  troops,  and  unit 
component  show  no  association  between  documented  an¬ 
thrax  vaccination  and  symptoms  of  severe  degree  for  five 
of  the  ten  symptoms.  From  a  non-parametric  viewpoint, 
however,  for  four  of  the  four  indices  (Table  2),  for  seven 
of  the  eight  medical  conditions  (Table  3),  and  for  nine  of 

TABLE  5.  Prevalence  of  disability,  health  care  utilization, 
and  selected  medical  conditions  among  352  Gulf  War  veterans 
for  whom  anthrax  vaccination  records  exist  in  DoD  stratified 
by  self-reported  response  to  question  on  anthrax  vaccination 


InJices/conJitions 

Documented  DoD  N  — 

352 

Yes 

N  =  260 

Unknown 

N  =  58 

No 

N  =  34 

Functional  impairment 

30.3 

11.8 

14.7 

Limitation  of  employment 

19.9 

12.3 

5.9 

Clinic  visit 

58.1 

41.4 

47.1 

Hospital  i?u  lion 

10.0 

8.6 

5.9 

Dermatitis 

31.2 

28.1 

20.6 

Gastritis 

32.6 

2C.7 

147 

Arrhritis 

29.3 

19.0 

17.6 

Frequent  diarrhea 

28.8 

12.1 

5.9 

Hair  lus-s 

17.1 

17.2 

8.S 

Migraines 

17.6 

12.3 

3.8 

Lumbago 

14.5 

17.2 

8.8 

Bronchitis 

14.6 

6.9 

11.8 

Signiftomu.  probability  for  Wilcoxun  signed  rank;,  test,  p  <  .01  (2-railed)  (17). 


the  ten  symptoms  (Table  4),  the  adjusted  odds  ratios  are 
above  1.0. 

Next,  we  analyze  the  role  perception  of  exposure  plays 
with  over-reporting.  In  Table  5,  the  prevalences  of  the  four 
health  care  indices  and  top  ranked  eight  major  conditions 
are  presented  for  the  “Documented  DoD  Group,"  stratified 
by  the  three  self-reported  responses.  For  each  of  the  12 
indices/conditions,  the  prevalence  for  S-R  yes  group  is 
greater  than  the  prevalence  for  the  S-R  no  group.  InTablc  6, 
the  prevalences  of  the  major  symptoms  are  presented  in  a 
simitar  manner;  for  nine  of  the  ten  symptoms,  the  prevalence 
for  S-R  yes  is  greater  chan  the  prevalence  for  S-R  no.  This 
consistent  pattern  of  the  prevalences  for  the  self-reported 

TABLE  6.  Prevalence  of  severe  symptoms  among  352  Gulf 
War  veterans  for  whom  anthrax  vaccination  records  exist  in 
DoD  stratified  by  self-reported  response  to  question  on 
anthrax  vaccination 


Documented  DoD  N  =  352 


Symptom* 

Yes 

N  =  260 

Unknown 
N  =  5fl 

No 

N  =  14 

Joint  ache*  pain 

17.7 

12.1 

15.2 

Runny  nose 

22.8 

10.3 

20.6 

Headaches 

18.1 

17.5 

5.9 

Back  pain/spasms 

14.2 

12.1 

5.9 

Anxious,  irri ruble  or  upset 

18.0 

8.6 

2.9 

Excessive  fatigue 

17.4 

6.9 

2.9 

Sleep  difficulty 

17.8 

8.6 

5.9 

Awaken  tired  or  worn  out 

17.) 

6.9 

2.9 

Been  depressed  or  blue 

14.2 

6.9 

5.9 

Relltix,  heartburn,  indigestion 

12.0 

10.5 

14.7 

Significance  probability  fur  Wilcoxon 

signed  ranks  test,  p  <  .01  ( 2>t; 

lilcdl  (17). 
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exposure  groups  is  considered  as  evidence  of  reporring 
bias,  p  <  .01. 


DISCUSSION 

In  a  health  survey  of  15,000  Gulf  War  veterans,  we  found 
significant  differences  in  the  prevalence  for  almost  all  symp¬ 
toms,  functional  status,  and  disease  status  categories  be¬ 
tween  those  who  reported  having  received  the  anthrax 
vaccine  (n  =  4601)  and  those  who  did  not  so  report 
(n  =  2979).  Information  on  the  receipt  of  anthrax  vaccine 
was  collected  from  the  veteran  through  the  postal  survey 
instrument  or  through  a  telephone  interview.  As  in  any 
survey,  self-reported  data  need  to  be  evaluated  for  a  possibil¬ 
ity  of  recall  bias  (18). 

The  self  reported  anthrax  vaccination  data  collected  in 
the  National  Health  Survey  and  a  DoD  list  of  Gulf  War 
veterans  who  were  documented  as  vaccinated  allowed  us  to 
evaluate  the  possible  recall  bias.  For  the  small  group  of  352 
veterans  who  responded  to  the  survey  and  were  also  on  the 
DoD  list,  we  have  their  responses  to  the  question  on  anthrax 
vaccination  by  self-report.  In  this  group,  34  (9.7%)  self- 
reported  “no,  not  vaccinated  for  anthrax,”  another  56 
(15.9%)  self-reported  "don't  know,”  while  260(73.9%)  self- 
reported  “yes  vaccinated”;  the  remaining  2  (0.6%)  did  not 
answer  the  anthrax  vaccine  question.  Based  on  the  data, 
the  sensitivity  of  S-R  could  be  calculated  as  73.9%  (260/ 
352  xlOO)  and  the  false-negative  of  S-R,  26.1%.  However, 
since  we  do  not  have  a  “documented  not  vaccinated"  group, 
we  could  not  calculate  the  specificity  or  the  false-positive 
rate.  During  the  Gulf  War,  there  were  not  widespread  pro¬ 
cedures  in  place  for  maintaining  immunization  records. 
Many  expert  panels  have  recommended  efforts  to  improve 
record  keeping  and  environmental  monitoring  in  future 
deployments  (19-22). 

A  higher  prevalence  of  any  health  outcome  associated 
with  anthrax  vaccination  is  expected  in  the  “Documented 
DoD  Group”  of  352  veterans  more  frequently  than  “Self- 
Report,  yes"  group  of  4601  veterans  because  all  of  the  352 
veterans  are  considered  vaccinated,  while  some  unknown 
number  of  “Self-Report,  yes"  veterans  were  not  vaccinated, 
unless  the  specificity  of  self  report  is  nearly  100%.  The  100% 
specificity  is  unlikely  because  DoD  estimated  approximately 
150,000  of  697,000  (22%)  Gulf  veterans  received  ac  least 
one  dose  of  anthrax  vaccine,  while  in  the  population-based 
survey,  4601  of  11, 441  (40%)  respondents  reported  receiving 
anthrax  vaccination.  Without  exception,  “Self-Report,  yes" 
group  reported  higher  prevalence  of  each  of  22  health  out¬ 
comes  presented  in  Tables  2,  3,  and  4.  When  a  comparison 
is  made  for  each  outcome  between  "Self-Report,  yes"  group 
(n  =4601)  and  “Self-Report,  yes"  among  “Documented 
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DoD  Group"  (n  =  260),  there  is  no  significant  difference 
in  prevalence  for  21  of  the  22  health  outcomes. 

Stratification  of  the  “Documented  DoD  Group”  into  the 
three  self-reported  responses  yields  further  demonstration 
of  the  effect  of  perception  of  vaccination  on  over-reporting. 
If  the  prevalence  in  the  “S-R  yes”  group  is  higher  than  in 
the  “S-R  no”  group,  one  may  conclude  that  the  difference 
is  due  to  perception  rather  than  to  actual  effect  of  the  anthrax 
vaccine.  Conversely,  if  there  were  no  difference  in  the  prev¬ 
alence  of  a  given  outcome  by  self-reported  anthrax  vaccina¬ 
tion  status  within  the  “Documented  DoD  Group,"  this  may 
lead  to  the  conclusion  that  the  significant  association  found 
for  the  corresponding  outcome  in  the  larger  samples  in 
Tables  2,  3  and  4  could  not  be  due  to  reporting  bias.  The 
consistent  pattern  of  the  higher  prevalence  of  abnormal 
outcomes  in  the  “S-R  yes”  group  compared  with  the  “S-R 
no”  group  (signed-ranks  test)  for  all  outcomes  summarized 
(Tables  5  and  6)  is  considered  as  evidence  for  rejecting  the 
hypothesis  of  no  reporting  bias. 

In  summary,  this  survey  data  along  with  the  DoD  list  of 
Gulf  War  veterans  who  received  anthrax  vaccine  provide 
an  opportunity  to  evaluate  the  long-term  health  con¬ 
sequences  of  anthrax  vaccination.  Although  those  who 
reported  having  received  the  vaccine  reported  higher 
prevalence  of  adverse  health  outcomes  in  all  instances,  the 
increases  are  likely  due  to  reporting  bias.  The  possibility  of 
a  reporting  bias  should  be  carefully  considered  when  one 
evaluates  the  health  consequences  of  anthrax  vaccination 
based  on  self-reported  vaccination  data. 


This  project  received  support  from  the  Medical  Research  Service,  Office 
of  Research  and  Development,  Department  of  Veterans  Affairs. 
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